Ten variant populations derived from the Indochina-l strain of Plasmodium fakciparum were analyzed by using (i) hyperimmune serum raised against some of these populations in squirrel monkeys and (ii) an oligonucleotide probe based on the rep-20 sequence, which had previously been shown to be a useful marker of diversity. Although all 10 subpopulations had an identical fingerprint pattern on Southern blots probed with the oligonucleotide, thus demonstrating a homogeneous genetic makeup, they all had a different phenotype for erythrocyte-associated antigens, thus confirming serological variant-specific differences. Antibodies to erythrocyte-associated antigens were measured with a new technique including immunogold and silver enhancement. The results of this study indicate that antigenic variation can occur without major genomic reorganization.
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The presence of new antigens on the surface of malariainfected erythrocytes is a well-established phenomenon (reviewed in references 14 and 15) . In Plasmodiumfalciparum, these antigens are present only during the second half of the 48-h intraerythrocytic cycle, are trypsin sensitive, and are believed to be associated with the parasite molecule Pf-EMP1 (17) . There is a considerable diversity of erythrocyteassociated antigens from one P. falciparum isolate to another (10) , and the expression of these antigens can be modulated in a given parasite population either by immune pressure or transfer from intact to splenectomized animals (13) . This modulation of antigen expression has been termed antigenic variation, by analogy with the phenomenon described in African trypanosomes (21) and in Plasmodium knowlesi (4) . The genes encoding for the erythrocyte-associated antigens of P. falciparum have not been identified, and consequently it is not known whether antigenic variation is related to a change at genomic level (e.g., point mutation or deletion) or to a differential phenotypic expression.
In this study, we compared 10 variant populations derived from the Indochina-1 strain of P. falciparum by using a combination of two different markers (antibodies and DNA probes). Variant-specific antibodies raised in hyperimmune squirrel monkeys were used to demonstrate diversity of erythrocyte-associated antigens, and DNA fingerprinting was used to examine the overall genetic background of the 10 populations studied. The rep-20 sequence, which had previously been shown to be of value in the identification of different P. falciparum isolates (16) replaced by a senres of steps including the use of protein A-immun6gold (to bind the antibody), silver enhancemeht (to visualize the presence of immunogold), and counterstaining with Giemsa (to visualize the parasite); the last two steps are, performed on methanol-fixed thin films. The steps of the assay are summarized on Fig. 2 .
Washed, unfixed infected erythrocytes (10 ,ui) in 2x SSC-0.1% sodium dodecyl sulfate at 42°C and exposed to preflashed X-ray film at -70°C. The fingerprint analysis was performed after Southern blotting as previously described (16) but with the radiolabeled rep-20 probe.
RESULTS
Immunogold-silver enhancement assay. Figure 4 shows the typical aspect of immunogold-silver enhancement labeling with black silver grains covering the surface of infected cells. The Giemsa-stained parasites can be easily identified within the cell (which is a useful feature for reading the assay). (a) , where only the Giemsa-stained parasite is visible, and a positive sample (b), where the surface of the infected erythrocyte is covered by numerous refringent silver grains. The parasite population used for these images was INDO-A/S+ incubated with preimmune serum from a naive monkey (a) or with immune serum 32i (b) (100x objective, oil immersion).
Although it is possible to quantify the assay either by estimating the number of silver grains per cell (which provides a measurement of the intensity of positive versus negative reactions and allows comparisons to be made between tests) or by counting the number of immunogoldpositive infected erythrocytes versus the total number of infected erythrocytes (which provides a measurement of the size of the parasite population that reacts with a particular antibody), neither method is practicable routinely or 
a The different parasite populations used are identified by shaded boxes in the family tree of the strain (Fig. 1) ; for each typing squirrel monkey serum used, the population of parasite used for infection and subsequent challenges is given within parentheses.
a problem inherent to the technique (i.e., the antibody, protein A-immunogold, or silver grains may be washed offl).
There (Fig. 5) . However, the Indochina-1 pattern was quite different from the previously described pattern of the Palo Alto/PLF3 strain of P. falciparum (16) (comparative data not shown). The pattern of the Indochina-1 strain established in culture from the original isolate from an Aotus monkey had a fingerprint pattern that was substantially different from those of all 10 in vivo-maintained populations of Indochina-1 and that of the PLF3/Palo Alto strain.
DISCUSSION
The immunogold-silver enhancement technique for the detection of erythrocyte-associated surface antigens of P. falciparum is a substantial improvement over existing techniques, e.g., the surface immunofluorescence technique (12), the schizont-infected cell agglutination test (22) , or the microagglutination test (19) . With comparable sensitivities and specificities, both the surface immunofluorescence and the immunogold-silver enhancement techniques yield more information than agglutination techniques, because they allow the examination of the reactivity of individual infected cells rather than populations of infected cells. Although agglutination techniques are simpler to perform, they also require larger numbers of cells at a high rate of infection. The examination of cells on a stained thin film, as introduced in the immunogold-silver enhancement technique, has an advantage over the other techniques in that it allows a more careful examination of the results, a delayed examination (not possible with live infected cells in suspension), and the possibility of keeping the slide as a record. The problem of evaluating negative tests, which is difficult in the surface immunofluorescence test because infected cells can only be recognized by the presence of refringent malaria pigment visible under a bright field (requiring the operator to switch from UV light to the brig,ht field for each field examined), was solved in the immunogold-silver enhancement technique by the use of a Giemsa counterstain, which shows infected cells whether they are covered with silver grains or not. Fig. 1) . (2, 20) . Because these P. falciparum-specific 21-bp repeat sequences occur in blocks near telomeres (they may represent up to 1% of the total genome), restriction enzyme DNA fingerprinting can be used with accuracy to provide evidence for major changes in the overall genome organization (e.g., point mutation, deletion, or internal rearrangement of the DNA by movement of transposable genetic elements or by exchange of chromosome ends [6] ). It has already been established that the fingerprinting pattern is very different between different isolates (16, 20, 22) but is stable in a given cloned isolate (PLF3/Palo Alto) maintained in vitro or in vivo by serial transfer over a number of years (3) .
The fact that all 10 variant populations of Indochina-1 exhibit an essentially identical fingerprinting pattern is interesting, particularly because the parent population had not been cloned before the variants were isolated. The only variation observed in the strains examined consisted of a single extra band of 4 kb that was observed in two samples of the same population (INDO-D/107S-and INDO-D/ 108S-) (Fig. 1) . This change appears to have occurred spontaneously and is not correlated with any specific antigenic variation but may be a consequence of passaging the parasite in splenectomized monkeys. The 
